has obtained LRS Bianchi type-I cosmological model in f (R, T ) gravity. Reddy and Santhi Kumar [19] have discussed some anisotropic cosmological models in f (R, T ) theory of gravity. Mishra and Sahoo [20] have studied Bianchi type-V I h perfect fluid cosmological model in f (R, T ) gravity. Rao and Neelima [21] have obtained perfect fluid Bianchi type-V I 0 universes in f (R, T ) gravity. Rao et al. [22] have investigated Bianchi type-II, V III and IX cosmological models in f (R, T ) theory of gravity. Houndjo [23] has developed the cosmological reconstruction of f (R, T ) gravity and discussed the transition of matter dominated phase to an accelerated phase. Shri Ram and Chandel [24] have discussed dynamics of magnetized string cosmological model in f (R, T ) theory of gravity. Rao et al. [25] have obtained anisotropic Bianchi type-V I h perfect fluid cosmological models in f (R, T ) theory of gravity. Aditya et al. [26] have studied Bianchi type-II, V III and IX cosmological models in f (R, T ) theory of gravity with variable Λ.
Scalar fields play a crucial role in particle physics and cosmology. Olive [27] has shown that, during inflation, the potential of a scalar field acts as a dynamical vacuum energy. This prominent role of scalar fields is also evident in models proposed to explain the late time accelerated expansion of the universe in vacuum energy and in evolving quintessence models ([28] - [30] ). Further, it was recently proposed that a scalar field can also be the source of the anomalous acceleration [31] . Sharif and Zubair [32] have investigated the anisotropic universe models in f (R, T ) gravity in the presence of perfect fluid and scalar field. Singh and Singh [33] have obtained the FriedmannRobertson-Walker (FRW) models with perfect fluid and scalar field in higher derivative theory. Sharif and Jawad [34] have studied reconstruction of scalar field dark energy models in KaluzaKlein universe. Singh and Singh [35] have discussed the behavior of scalar field in modified f (R, T ) gravity within the framework of a flat FRW cosmological model. Later, Singh et al. [36] have investigated Bianchi type-I universe with scalar field and time varying cosmological constant in f (R, T ) gravity. Recently, Samanta [38] and Reddy et al. [39] have investigated Kantowski-Sachs cosmological models in f (R, T ) theory of gravity.
Motivated by the above investigations, we study in this paper Kantowski-Sachs space time in presence of scalar field within the framework of f (R, T ) theory of gravitation proposed by Harko et al. [17] . Very recently, Singh et al. [36] have obtained Bianchi type-I scalar field cosmological models in f (R, T ) theory, using the power law and exponential law for scalar potentials, we discuss Kantowski-Sachs scalar field cosmological model in this theory without using power law or exponential law for scalar potentials. The plan of the work as follows: Sect. 2 describes f (R, T ) gravity formalism in the presence of scaler field. Sect. 3 is devoted to the derivation of field equations and solutions of field equations leading to scalar field model. Sect. 4 contains a detailed physical discussion of the model. Summery and conclusions are presented in the last section. The field equations of f (R, T ) gravity are derived from the Hilbert-Einstein type variation principle. The action for the f (R, T ) gravity with scalar field is [35] 
where f (R, T ) is an arbitrary function of Ricci scalar R, T is the trace of stress-energy tensor (T ij ) of the matter and L φ is the matter Lagrangian of scalr field. The energy momentum tensor T ij is defined as
Here we consider that the dependence of matter Lagrangian is merely on the metric tensor g ij rather than on its derivatives and we obtain
Now varying the action S with respect to metric tensor g ij , f (R, T ) gravity field equations are obtained as
where
Here
Here we assume that the universe is filled with scalar field minimally coupled to gravity. Therefore, the energy-momentum tensor of a scalar field φ with self-interacting scalar field potential V(φ) has the form
where ǫ = ±1 correspond to quintessence and phantom scalar fields respectively. The trace of the energy-momentum tensor T = g ij T ij is given by
hereafter dot denotes differentiation with respect to time t. The matter Lagrangian of the scalar field is given by
Now from equations (5) and (8), we have
Generally, the field equations also depend, through the tensor Θ ij , on the physical nature of the matter field. Hence in the case of f (R, T ) gravity depending on the nature of the matter source, we obtain several theoretical models corresponding to different matter contributions for f (R, T ) gravity. However, Harko et al. [17] gave three classes of these models:
Here we consider the first case, i.e f (R, T ) = R + f (T ), where f (T ) is an arbitrary function of the trace of stress-energy tensor T ij . Using this relation f (R, T ) gravity field equations (4) reduced to
where a prime denotes differentiation with respect to the argument.
Field equations and the scalar field models:
Here we consider the Kantowski-Sachs space-time in the form
where A and B are functions of cosmic time t only. Kantowski-Sachs class of metrics represent anisotropic and homogeneous but expanding (or contracting) cosmologies. They also provide models where the effects of anisotropies can be estimated and compared with the FRW class of cosmologies (Thorne, [37] ). For the particular choice of the function f (T ) = λT (Harko et al. [17] ), where λ is a constant, the field equations (10) for the metric (11) using (6) and (9) can be written as
Equations (12)- (14) are a set of three independent equations with four unknowns (A, B, φ and V(φ)). Therefore, we need an additional constraint to solve the above system. Here we use the 
where k = 1 is a positive constant. The physical reason for this assumption is warranted from the observations of the velocity redshift relation for extragalactic sources which suggest that the Hubble expansion of the universe may achieve isotropy when σ θ is constant (Kantowski and Sachs [40] ). Collins [41] have studied the physical significance of this condition for a perfect fluid. Now from equations (12), (13) and (15), we geẗ
By substitutingḂ = f (B), the above equation becomes
which admits a solution
where c 1 is an integrating constant. Now using the transformation B = T the metric (11) can be written as
From equations (12)- (14) and (19), we get scalar field potential as
and the scalar field φ as
Substituting the equations (18), (20) and (21) in the function f (R, T ) = R + 2λT , we get
Thus the metric (19) together with (20)- (22) constitutes Kanowski-Sachs scalar field cosmological model in f (R, T ) theory of gravity. From Figs. 1 and 2 , it can be seen that scalar field φ is varying in negative region throughout the evolution for quintessence model (i.e., for ǫ = 1). The scalar field corresponds to phantom (ǫ = −1) model which exhibits negative nature in the initial epoch, but positive at late times. It is quite interesting to mention here that the behavior of the scalar field is similar to the scalar field model obtained by Singh et al. [36] . Fig. 3 shows that scalar field potential is positive throughout the evolution of the universe. We compute the following dynamical parameters which are significant in the physical discussion of the cosmological model (19) : 
The directional Hubble parameters and average Hubble parameter takes the form
Expansion scalar (θ) and shear scalar (σ 2 ) can be obtained as
Average anisotropic parameter is
Deceleration parameter is given by The behavior of deceleration parameter (q) against T has been depicted in Fig. 4 . It can be observed that the deceleration parameter varying from early decelerating phase (i.e., q > 0) to present accelerating phase (i.e., q < 0). The r − s statefinder plane for our model has been plotted in Fig. 5 . The statefinder trajectories give us the quintessence and phantom regions, since r < 1 and s > 0.
Om-diagnostic:
To discriminate different phases of the universe Sahni et al. [43] have introduced another tool named as Om-diagnostic. It is also used to distinguish the ΛCDM for non-minimally coupled scalar field, quintessence model and phantom field through trajectories of the curves. The phantom DE era corresponds to the positive trajectory, whereas the negative trajectory means that DE constitutes quintessence. The Om-diagnostic in terms of x = ln(1 In Figs. 6 and 7 we plotted the Om-diagnostic in terms of z by taking x = ln(1 + z) −1 . From Fig. 6 it can be observed that the trajectory of the Om-diagnostic plane is positive, which implies phantom behavior. However, the trajectory present negative slope in Fig. 7 , which represents the quintessence behavior of the universe. This type of behavior is consistent with recent observational data.
Look-back time:
The look-back time ∆T = T 0 − T to an object is the difference between the age T 0 of the universe now (at observation) and the age T of the universe at the time the photons were emitted (according to the object). It is used to predict properties of high-redshift objects with evolutionary models, such as passive stellar evolution for galaxies. The look-back time is defined by Arbab [44] , Hogg [45] and Rudra [46] as
where a 0 is the present value of the scale factor of the universe and can be obtained from equation (24) at T = T 0 . The redshift z can be defined by 
Clearly from equation (36), early universe is represented by z → ∞ implies T → 0 (since k > 0) and late universe z → −1, which implies T → ∞. Also z → 0 gives the present age T = T 0 of the universe.
Luminosity distance: The luminosity distance (d L ) of a light source is derived as the ratio of detected energy flux, L and the apparent luminosity
. This is a way of expanding the light coming from a distant object. It is not the actual distance because inverse square law does not hold in real universe. To calculate the luminosity distance the inverse square law of brightness is generalized from static Euclidean space to an expanding curved space by the following expression (Waga [47] )
where r 1 (z) is the radial coordinate distance of the object at light emission and is given by
From equations (24), (37) and (38), we get
Angular diameter distance: It is used to convert angular separations in telescope images into proper separations at the source. It is famous for not increasing indefinitely as z → ∞; it turns over at z ≈ 1 and thereafter more distant objects actually appear larger in angular size. The angular diameter of a light source with proper distance (r 1 (z)) D at T 0 is define by Hogg [45] and Rudra [46] 
Now the angular diameter distance d A is defined as the ratio of the source diameter to its angular diameter (in radians)
For our model angular diameter distance (d A ) is given by In case of c 1 = 0, from equation (18) the metric (19) can be written as
the scalar field and scalar potential are given by Other physical properties are obtained as
It is clear from equation (45) that the phantom scalar field (i.e., ǫ = −1) only exists. The scalar field (φ) and scalar potential (V(φ)) becomes infinity initially and gradually decrease then finally tends to zero at late times. The model (44) has a constant deceleration parameter and it represents accelerated expansion for k > 1. From equations (48) and (49), we can observe that σ θ is constant and hence the model (45) is anisotropic.
Summary and conclusions:
f (R, T ) theory of gravity can be treated as a possible candidate in explaining the role of DE in the accelerating universe. A suitable form of Lagrangian which can explain the cosmic evolution in a definite way is still under consideration. In this study we have obtained solution of the f (R, T ) field equations with scalar field for Kantowski-Sachs space time.
The volume of the model increases as T increases subject to the condition k > 0. It can be seen that Hubble parameter, expansion scalar and shear scalar are dynamical and approach to zero as T → ∞. Moreover, for earlier times (i.e., as T → 0) these parameters take infinitely large values. So the model starts its evolution with zero volume at T = 0 with infinite rate of expansion. But this expansion rate is slowing down in its evolution. Since the average anisotropic parameter A h = 0 for k = 1 the model does not approach isotropy. The scalar field φ is negative for quintessence model, whereas it varies in positive region for phantom model. The scalar field potential is positive throughout the evolution of the universe. From the plot of deceleration parameter we can observe that there is a smooth transition of the universe from early decelerating phase to present accelerating epoch, which is in accordance with the modern observational data. The statefinder parameters and Om-diagnostic both describe quintessence and phantom eras of the evolving universe. The distance modulus curve of the model is in nice agreement with the SDSS-II and SNLS supernova data for high redshift value. This imply that the obtained scalar field model is physically realistic. Finally different types of cosmological distance measurements have been studied for the obtained model. For c 1 = 0 the model (19) reduces to the model with constant deceleration parameter. It is worth mentioning here that in this case phantom scalar field model only exists. 
